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In a recent issue of Science, Giraldez and colleagues (2006) solve the puzzle of how a large 
number of maternal mRNAs can be coordinately destroyed at the mid-blastula transition of 
early animal embryogenesis. The mysterious agent is not a protein but rather a microRNA 
that is transcribed at this transition point.The early development of many ani-
mal embryos, including those of 
flies, fish, and frogs, is character-
ized by an initial phase of rapid and 
synchronous cell division, beginning 
at fertilization and lasting into the 
blastula stage. At some point, cell 
division slows down and becomes 
asynchronous, a change commonly 
known as the mid-blastula transition. 
The early embryo is transcriptionally 
largely silent, and the early, rapid cell 
divisions are sustained by messen-
ger RNAs (mRNAs) that the mother 
deposited in the egg. Conversely, the 
mid-blastula transition goes hand in 
hand with destruction of many mater-
nal messages, which in turn requires 
activation of zygotic transcription. 
The initial reliance on maternal 
messages poses another problem, 
namely to prevent these messages 
from being translated until after fer-
tilization. Thus, maternal messages 
are kept translationally silent until 
fertilization, and they need to be effi-
ciently degraded at the mid-blastula 
transition. Although we have learned 
quite a bit about the translational 
activation of maternal messages, 
their destruction concomitant with 
the onset of the zygotic expression 
program has remained a mystery. 
A recent paper in Science by Giral-
dez et al. (2006) reveals a surprising 
and elegant solution to the problem 
of how a large number of messages 
can be coordinately destroyed.
Giraldez and colleagues had set 
out to understand the roles of micro-
RNAs (miRNAs) in zebrafish develop-
ment. By examining fish that lacked 
the miRNA processing enzyme Dicer both maternally and zygotically, they 
previously demonstrated that miR-
NAs are essential for early morpho-
genesis of zebrafish embryos (Giral-
dez et al., 2005). The most abundant 
miRNA in early zebrafish embryos is 
miR430. Its levels increase substan-
tially within hours after fertilization, so 
that it accounts for more than 90% of 
miRNAs in 4-hr-old embryos (Chen 
et al., 2005). Consistent with miR430 
being the major contributor to miRNA 
function in early zebrafish embryos, 
defects in several different morpho-
genetic processes caused by lack of 
Dicer can be at least partially comple-
mented by injection of miR430 into 
these embryos (Giraldez et al., 2005).
To examine the function of miR430 
in the early stages of zebrafish devel-
opment, Giraldez and colleagues 
(2006) first examined an artificial tar-
get mRNA that had in its 3′ untrans-
lated region (UTR)—the place where 
miRNA target sites are typically found 
in animals—a motif that was partially 
complementary to miR430. This 
motif caused downregulation of the 
reporter mRNA in a Dicer-dependent 
manner, indicating that this miRNA 
promotes decay of target mRNAs.
Substantial progress has been 
made in predicting miRNA targets 
from whole-genome sequences, but 
because only limited sequence com-
plementarity is required for miRNA 
target interaction, there is still con-
siderable uncertainty in identifying 
all targets. An alternative, but also 
genome-wide approach is the use 
of microarrays to identify mRNAs 
that are downregulated by a spe-
cific miRNA. This approach was Cell 124, Mapioneered in plants, where miRNAs 
act predominantly by causing cleav-
age of target mRNAs (Palatnik et al., 
2003). Subsequently, it was found to 
be useful in animals as well, despite 
a mostly different mode of miRNA 
action (Lim et al., 2005). To identify 
miR430 targets, Giraldez et al. (2006) 
used microarrays, with which they 
found hundreds of maternal tran-
scripts whose levels were increased 
in Dicer-deficient embryos. Many of 
these contained sequences in their 
3′ UTRs that were complementary 
to the 5′ region of miR430, the por-
tion of an miRNA which is generally 
known as the seed region and which 
is of prime importance for interaction 
of animal miRNAs with their targets. A 
considerable number of these targets 
were validated with reporter assays in 
zebrafish embryos. These results indi-
cated that miR430 may be responsible 
for the destruction of maternal mes-
sages upon the mid-blastula transi-
tion. The authors confirmed this pre-
diction by demonstrating that miR430 
triggers deadenylation of targets, also 
in a Dicer-dependent manner. This is 
very likely a direct effect of miR430, 
as repressing translation through an 
antisense oligonucleotide has much 
more modest effects on the length of 
the poly(A) tail. Thus, the well-known 
requirement of zygotic transcription 
for degradation of maternal messages 
can likely be explained by activation 
of miR430 expression (see Figure 1).
miR430-related miRNAs are found 
in many vertebrates. In addition, its 
expression profile is very similar in 
Xenopus embryos (Watanabe et al., 
2005). A reexamination of previously rch 24, 2006 ©2006 Elsevier Inc. 1117
figure 1. miR430 Promotes Decay of 
Maternal mRnAs during Zebrafish 
Development
After fertilization until the mid-blastual transi-
tion, miR430 abundance is low and maternal 
mRNA messages with a miR430 complemen-
tary motif in their 3′ UTR are stable. Once 
zygotic transcription begins, miR430 expres-
sion is activated, and its levels rise. Binding of 
miR430 to the 3′ UTR of maternal messages 
leads to removal of the poly(A) tail, thereby 
triggering a massive and synchronous degra-
dation of these messages. Embryo diagrams 
adapted from originals by Dr. Charles Kimmel.defined elements required for degra-
dation of maternal cyclin A1 message 
in Xenopus (Audic et al., 2002) reveals 
that it also contains a miR430 comple-
mentary motif. Thus, miR430-related 
miRNAs are likely to play an important 
role in the maternal to zygotic transition 
in many, if not all vertebrates. Although 
many miRNAs are deeply conserved 
throughout the animal kingdom, flies 
seem to lack an obvious miR430 
counterpart. It will be most interesting 
to learn whether miRNAs have been 
independently recruited to control the 
maternal-zygotic transition in flies.
Other signals in the 3′ UTRs of 
maternal mRNAs have been previ-
ously shown to play an important 
role in regulating both their stability 
and the efficiency with which mRNAs 
are translated (reviewed in de Moor 
et al., 2005). Some signals promote 
polyadenylation, whereas others, 
such as A/U rich elements (AREs) 
with repeats of the AUUUA motif, 
cause deadenylation and subse-
quent destruction of maternal mes-
sages. The AUUUA-type ARE is also 
found in many somatic mRNAs, and 
it was recently shown that an miRNA, 
miR16, is an essential factor in ARE 
function (Jing et al., 2005). This 
miRNA indirectly stabilizes interac-
tion of the 3′ UTR with a previously 
known ARE binding protein, tris-
tetraprolin (TTP), which in turn pro-
motes deadenylation and destabi-
lizes ARE-containing mRNAs. Small 
RNAs such as miR16 are incorpo-
rated into protein machines whose 
prototype is the RNA Induced Silenc-
ing Complex (RISC). Essential com-
ponents of RISC-type complexes are 
Ago/eIF2c proteins, and they provide 
the platform for tristetraprolin inter-
action with miR16.1118 Cell 124, March 24, 2006 ©2006 ElsThe studies raise several questions 
regarding universal mechanisms of 
miRNA action, especially how miR-
NAs cause mRNA deadenylation. 
One possibility is that in analogy with 
miR16, a miR430-containing RISC-
like complex acts by stabilizing the 
interaction of another protein which in 
turn triggers deadenylation of mater-
nal messages. Intriguingly, this mode 
of action is conceptually similar to 
proposals of how miRNAs provide 
robustness to tissue-specific tran-
scriptional programs, the difference 
being that in this case the miRNA 
does not reinforce the action of tran-
scription factors, but of other factors 
that directly interact with the mRNA.
Alternatively, miRNAs in general may 
recruit mRNA degradation enzymes 
via interactions with RISC. In favor of 
such a more general link between miR-
NAs and deadenylation, recent data 
indicate that other animal miRNAs can 
accelerate deadenylation as well (Wu 
et al., 2006). Additional evidence for a 
link between the miRNA pathway and 
the mRNA decay machinery is pro-
vided by the observation that mamma-
lian Argonaute proteins, miRNAs, and 
miRNA targets colocalize to cytoplas-
mic foci known as mRNA processing 
bodies (P-bodies) where mRNA deg-
radation enzymes, such as deadeny-
lases, the decapping enzymes, and 5′ 
to 3′ exonucleases, are found. In mul-
ticellular organisms, P-bodies are also 
marked by the presence of GW182, a 
glycine/tryptophan (GW) repeat pro-
tein that is required for miRNA function 
in worms as well as fly and mammalian 
cells (reviewed in Valencia-Sanchez et 
al., 2006). Whether miRNA-mediated 
translational silencing is the cause or 
the consequence of deadenylation 
or whether these represent two inde-evier Inc.pendent mechanisms by which miR-
NAs silence gene expression remains 
an open question. Future studies 
should also reveal the identity of the 
deadenylase(s) and the molecular 
mechanism by which they are spe-
cifically recruited by miRNAs to trigger 
target degradation.
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